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Fifth Quarterly Pr-3gress Report

ENCAPSULATED Al~LCIROLS

j Stumxiary

An invest iga-:1or. was riade of aeroso.ý droplet E-ricapsulatiar1 by the

condensat ion-polymeri zat ion of vinyl acetate, methyl acrylate, and methyl

methacryl~ate vapors with uoron trifluoride or nitrogen dioxide, Vinyl

acetate produced microcapcules with either boron trifluoride or nitrogeh&

dioxide. Hethyl avrylate produced microcapsules with boron trifluoride

onlY. Under the 'conditioný of these experiments, neither boron trifluoride

nor nitrogen dioxide promoted sufficiently rapid polymerization of methyl

utethacrylate to producso microca')sules.

A two-stage micro-.apsule generator, designed to provide fairly large

shearing forces, between the core aerosol and the ancaps-ulating liquid

droplets, was assembled and operated, The hezhavior of a number of liquid

pairs was investigated in this device. A simple liquid on liquid bncap-

sulation, glycerine on dibutyl phosphite, was achieved, as denonstrau-ed

by the differen~ce i.a the storage properties of the encapsulated and the

unencapsulated dibutyl phosphite droplets.

Solutions of polyethylene, cellulose nitrate, and natural rubber wero

also msead as candidate encapsulation. liquids in the two-stage generator.

The capsule yields for the polyethy~ene and cellulose nitrate were good

and the rubber capsule yield was excallent.

11 Introduction

Th~s study i& tbeivg made to irvgest gate the basic principles involved

iW aerosol encapsulation. As asrosol particles of all oumbinations of-

liquids and solids are of potential interwst,. the scope Is neressarily

broad. Now techniques for the production of encapsulated aerosols are

being developed, as well as menthods for evaluating the various approaches.

The particlc size range of interest is one to one hundred aicrons.

N4YrE: The Fourth Quarterly Report was included in the April 1, 19(!Q to
March 31, 191.1 Final Report.
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III Condensation Polymerization Systems

In an ear) ter phase of this wurk, microencapsulation of liquid drop-

lets by polymer films, fo med by the polymerization of vapor phase monomer,

was found to be feasibt.,. At that time, only dioiefinb with nitrogen

dioxide were studied. in using ni:roge:, dioxide as a polymerization pro-

moter, the possibiliL. of its reacting with the core material must be con-

sidered. This can be minimized by mixing the aerosol with the monomer

mixture. The homogeneous gas phase reaction proceeds much more rapidly

than the reaction between the nitrugen dioxide gas and the liquid droplets;

thugc, by prnper control of concentrat.lons and reaction time, exposure of

the core material to nitrogen dioxide can be minimized. Nevertheless, b

less reactive polymerization promoter might be preferred for encapsulation

of especially reactive d~roplets or particles. An example of such a pro-

moter is sulfur dioxide. Sulfur Ctoxide and olefins will ,euu to produce

sulfone copolymers. The remcticn is not considered to be a fast polymer-

ization reaction but is of sufficient interest as a possible means of

microencapsulation to be investigated.

A dibutyl phosphite aerosol was generated using a No. 40 Do Vilbiss

nebulizer. Nitrogen tfow Lhrough the nehislizer wa* 7 lltersi/min. Five

,'/min of isoprene vapor were added to and mixed with the aerosol stream;

downstream 3 ml/min of sulfur dioxide were then added. The volume of

reaction vessel was about 20 liters, thus providing a reaction tir-e of

nearly three minutes.

Samples were collected and analyzed for dibutyl phosphite. The ana-

lytical procedure is depcribed in the oppendix. Analysis of the collected

samplRp compared with unencapsulated e-eference samples indicated a barely

significant trace of encapsulation. Some encapsulation may have occurred,

however, ad the fresh sulfone polymer film may have bWon. soluble in the

achohol used ia the phosphite determination. Nu furthee work was :arried

out with this polymer system.

Rapid polymertzation of a number of monomers, in the gas phase, can

1. Robbins, R. C. "Encapsulated Aerosol.'" Final Report, SRI Project

StJ-3191, Pg. 17 (April 1961).



be reali7.ed hy the catalytic action of h',rnn trifliinrid.-. Three, of thu-

most re~active monomers were selected tor studY., methyl methacr)2ate,

methyl acrylate, and vinyl acetate. Th~r. iraction evf core material encap-

sulated by the polymerivation condensatio-i of th*-sý monomers using boron

fluori,!~ catalysis wa., determnieid. Later, these ;ame monomers were used

with nitrogen dixo:.Je replacing the boron trifluc-ride in a sismilar series

of exLperiments. Details are described in the following paragraphs.

A~n attempt was made to encapsulate dibutyl phospbite droplets with

polymethyl acrylate, usini boron trifluoride. There was no evidence of

encapsulation, basnd on dibutyl phosphite 'analysis, but 9 samplem uf the

collected material, upon examination under the phase contrast imicroscope,

apptiared to contain microcepsules. This ambiguity was probably caused by

polymner film solubility 2n the alcohol.

As no alcohol is used in the phosphoric acid titration, phosphoric

acid was made the core material in a series of experiments to characterize

the encapsulation behavior of then si.zý possible combinations. Concentra-

tions of core droplets, monomer, and promoter were kept at the same levels

in all experiments. Again, about 7 liters/misi of nitrogen wore passed

through the De Vilbiss nobulizer coaitaining the phosphoric acid.

The appropriate monomer. vapor was generated by passingC nitrogen

throu~i- the liquid monomer contatned in a constant temperature bebbler

(0 0C). Mho nitrogen dioxide was generated in the sama way. The bubble

rate of the boron trifluoride gas, passing through carbon tetrachloride,

wasn measured, Th6 .,ubble volume was determined; this permitted the flow

rate of boron trifluoridc to, be calc.!lsted. The monomer vapor and tte pro-

moter concentrations were both apprvximately 5%10 ppm in the entire series

of experiwoents.

The following table shows the percentage of core matc-rial encapsulated

by the dtiiferent polymer films as judged by phosphoric acid analysib.

2. Burnett, G. M. Rate 'ennstants In. radical polymerizationc reaction.
ChotmicnI 16-cic,.i Qh~arterly Review, 4, M0 (0950).



PERCENT ENCAPSULATION OF PHOSIP4 ORIC ACID DROPLETS

BY POLYbiMRIZATION Or MONCXER-PRt$,Vý-o, PAI.AS

Moruno r~

P71ioter "i7nyl Acetate MeIthylacrylate 1ethyl .thacrylIte

Boron

Trifluoride 35% 40% None

Nitrogen

Diox1de 35% None None

IV Strong Inertial force Systems

Lader ideal conditions two immiscible liquids can be mixed and

atomized using a gas uider pressure in a two-fluid nozzle to produce a

]arge fraction of two-:hase droplets, with one liquid phase encapsulating

the other. This approach was used with some success when e-ilied to mix-

tures of phosphoric acid and tung oil.3 When the two-cha! • droplets were

reacted with nitrcen dioxide, 20% of the phosphoric acid was found to te

encapsul ated.

Mixing the two bulk liquids severely limits the numtr of possible

pairs. They must be immiscible, they must have no tendency to react chem-

ically, and the emulsion viscosity must not be too great. One interesting

pair of liquids, which met these limitations, was investigated. Dibutyl

phoophtte and aqueous gelatin solution (3% gelatin by weight) were mixed

and nebulized together. The droplets were collected and uicroscopically

examined, Flgtre I is a photomicrograph of some of the large capsules

which were formed.

The existence of c..npqlu ,. aiso shown in a qualitatI ve way by com-

paring the wwvight cangrns of core material in unancapsulated samples and

encapsulatrd samples, both stored for the sam length af time under identi-

cal conditions. To obtain this comparison two pairs of duplicate *6...ples,

one pair untncapsulated, thQ other pair encapsulated, were analyzed for

dibutyl phr.%puite by titration; one *ample of each pair was Analyzed

3. Robbins, ft. C. 'Lncapaulatcdz Aerosols." Final Report, SRI Project
SU-3191, Pg. 20 (April 1tU61).
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immediately, the other sample of each pair was anal-,.nd after exposure.

Aftcer 65 hours' dark-room exposure to clean filterad a'r at ambient t,.mper-

ature and humidity the ba-.- dibutyl pbosphlte droplet., lost 61% of their

weight while the weight .ozb of the gelatin-encapsulated droplets was 521%

Although earlier axperiments with Venturi ,,Axers and high velocity

mixing tubes showed t!'•t the:;a devices wcrc not efficient promoters of

aerosol encapsulation, a two-jet aerosol generator, wiLh two pressure

i~tages, was felt to be sufficiently different in operating principle and

geometry to warrant a trial. De VilbisE nebuli~ers were used for the two

jets. The first stage nebulizer, containing the core droplet material,

was encased in a pres.3ure chamber. T7i uvr-zul 115charga from zhe first

stage was the pressurized medium used to disperse the encapsulating liquid

in the second stage nebulitzr. The second stage jet of the generator was

operated at sonic velocity (critical tlow) to provide large i,,crtial forces

.;teeI the aerosol containing the core droplets and the "encapsulatirn"

droplets being generated. A diagram of the generator is shown in FIg. 2.

The first liquid pair investigated in the two-stage generator was

glycerine on dibutyl phosphite. The weight change comparison after stor-

age was used as an encapsulation indicator. After 65 hours' storage the

weight changes differed by 54% (based on the initial weight of the unen-

capsulated material) and were interpreted to mean. that :ncapsulatior

occurred;

Next., the encapsulating ability of three polymer solutions in the

second stage of the microcapsule generator was investigated. The first

soiution was i% polyethylene in toluene. No direct titrations were made,

but collected samples -. rz • gi- the storage weight-loss tests. In 16

hours the blank sample lost 25% of its weight of dibutyl phosphite. The

encapsulated samWle did not lose any weight.

The second encapsulating solution was 5% cellulose nitrate in acetone.

T.is solution was used with dibutyl phosphire in the two-stage microcap-

sule generator. Forty-eight percant encapsulation was produced on a mass

bait *im judged iy chemical &nalysis and the capsules formed were not

affected by the .. !-cohol solvent used in the dibutyl. phosphite analysis.

6
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DIBUTYL PHOSPHITE flMPI!TS FNCAPSL'LATED IN NATURAL RUSJBER
(Magn~ification Appox. 430X)-



Natural rubter in carbon disultidc the third encapsivlating solu-

tion. The concentrations used were about one percent by wei., rubber.

Capsules were -enerated ir good yields; they released liqui when scraped

together and crushed. Hydrolysis of caroon d!sulfied solvent interferred

with the quantitative determination of encapsulation. Figure 3 is a

photomicrograph of ti.- dibutyl phosphite droplets encapsulated in rubber.

This system will be studied in detail in an attempt to corrclate percent

encapsulatioi, core-coat weight ratios, capsule permanentce, water vapor

permeability, and solvent effects on core material.

V Conclusio'.s

Vinyl acetate polymerizes very rapidly in the vapor phase with boron

trifluoride or nitrogen dioxide. Either combination has as great a poten-

tial application Lo the production of encapsulated aerosols s.s the diolefin

vapor-nitrogen dioxide system. As the monomer reactivity decreases, the

trend is reflected in the en,'apsulation capability. Methyl acrylate !pro-

duced microcapsules with boron trifluoride but not with nitrogen dioxide.

Methyl methacrylate produced no capsules with either promoter. The two-

stage microcapsule gonerator appears to be generally capable of producing

encapsulated aerosols of the type which are generated f m a pair of

liquids. In contrast to earlier devices investigcted, geometry of

this generator is such that evaporation of the solvent aids the formation

of capsule films when solutions of filra-forming materials are used.

VI Contributing ,arsonnel

Persons who contributed to the project were Dr. R. D. Cddla, Manager,

Atmospheric Chemical Physics Department, Mr. C. R. Lapple, 3eniOr Scientist,

Dr. R. C. Robbins, Physical Chemist. and Mrs. Jill Thumab, Chemist.

Robert C. Roboins, Physical Chemist
RCR:ema Atmospheri.. Chemical Physics Department

9



APPENDIIX

MODIFIED DIALKYL PHOSPH(TE DETERMINATION
rum, ANALYSIS OF SAFLL SWLES

A quantitative factor related to the eALent of encapsulation occLr-

ring in aerosol droplets may be obtained if a quantitative analysis is

made of the avaiiable core material in unencapsulated aiid encapsulated

samDj's containing known quantities of core material. This may be done

if the microcapsule coating is not penetrated or removed during the anal-

ysis.

A procedure for the volumetric determination of dialky! phosphites

has been developed by Barnhart and Rattenburg based on neutralizatioa of

the phosphite with excess NeOH, then back titrating the HC1. One mole of

N&WI is consumed for each mole or dialkyl phospnite. By readu,.ing solution

concentrations, and adjusting the ,voluies to accommodate small samples,

sensitivity was inzueased Lu aboutjIl micromole of dialkyl phosphite.

It was found that it was necessary to have about iot4 ercess of NaOH

at a ,.inim.um concentration of 0.1 N for quantitative phorphlte neutraliza-

tioa. The back titration could be done with HCl as dilute as 0.007 N

using phee.olphthalein indicator.

When microcapsule films are encountered which are soluble in alcohol

or water, an indirect approach is necessary.

Procedure

Five al of 95% ethyl alcohol are used for dissolving the sample. One

ml of U.IN NaCl is adA^A, folloreu by 2 drops of indicator, then t:s solu-

tion is back titrated to the endpoint with 0.007 N HC1.

Should the total phosphite in encapsulated material be required,

after zddition of the alcohoi., 5 ml of solvent for the encapsulating mater-

ial film may be added and shaken with the sample in alcohol before adding

1. Bcrnhart, D. N. and K, H. Rattenburg. Anal. Chem. 28, 1765 (1956).

10



the 0.1 N NaukH. Thii uixture may be treated in one of two ways: If the

film solvent is nonpolar and immiscible in water, !4 i. of.en the case,

the two phases are separated after adding the NaOH btiution and the sample

is then back titrated in the normal way. If the film solvent is miscible

witb water, it may be disregard.ed during titration. The film solvent

utilized must not react with the diL'ityl phosphite or with water.

11


